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Abstract: A novel series of new nano-demulsifiers based on a polymerizable nonionic surfactant for treating water-in-crude
oil emulsions were prepared, characterized and evaluated. The results were obtained from various characterizations such as
Fourier transform infrared spectroscopy (FTIR), X-ray diffraction analysis (XRD), Size Exclusion Chromatography (SEC),
Zeta-sizer and Zeta-potential revealed that the polymer were prepared in amorphous form with the variety of particle sizes
30-120 nm. The efficiency of these demulsifiers was tested in water-in-oil emulsions (w/o) at different concentrations (50,
100 and 200 ppm).The results showed that, the nano-demulsifier samples are effective and achieved, the complete separation
of the water during 30 min at 200 ppm. Furthermore, the newly formulated samples showed the nano-demulsifier possess
very interesting physicochemical properties such as good flow, rheological and remarkable properties at both room and high
aging temperature which make them suitable for the injection through the crude oil production pipelines.
Keywords: Crude oil, emulsions, nano-demulsifiers, fatty derivatives, acrylics.

1 Introduction
Water in oil emulsion is a major economic problem and
exists widely in various industrial fields, mainly in petroleum
industrial resulting. The breaking of oil emulsions
(demulsification) and separate the cutting water are
necessary process to avoid the problems take place during
the transportation and refining the oil [1-4] to reduce pipeline
corrosion and maximizes pipeline usage due to the effect of
undesirable water which formed during the production of
crude oil. Crude oil consists of a series of hydrocarbons such
as alkanes, naphthenes, aromatic compounds, phenols,
carboxylic acids, and metals [5-7].The treatment of water-incrude oil emulsions involves the application of thermal,
electrical, chemical process or their combinations. Chemical
methods are the most common methods of demulsification
resolution in both oil field and refinery. The most common
method of demulsification in both oil-field and refinery
*Corresponding

application is the combination of heat and application of
chemical design to neutralize and eliminate the effects of
emulsifying agents [7-11]. In recent years, with improved
recognition of environmental protection, development of
green petroleum additives has received increasing attention,
because the petroleum industry development needs to design
new families of environmental additives. Recently,
environment-friendly demulsifiers, such as a special type of
bacteria, carbon dioxide, and ionic liquids, have been
reported [12-15] there is no simple designation of specific
chemicals to emulsion breaking. Those demulsifier types are
polyglycol, esters, resin derivatives, sulfonates, polymerized
oils and esters, alkanolamine condensates, oxyalkylated
phenols, polyamine derivatives and fatty alcohol
polyoxyethylene ether are a representative demulsifiers. As
well as, there are a lot of polymeric demulsifiers such as the
emulsion tetrapolymer of methylmethacrylate, butyl acrylate,
acrylic acid and methacrylic acid and dispersions of watersoluble cationic polymers [16,17].On the other hand

author E-mail: moneer@EgyptianBritish.net
© 2018 NSP
Natural Sciences Publishing Cor.

96

M.A Zahran. et al.: Facile Development, Characterization,

,hydrophobically associating water-soluble polymers have
recently become the subject of extensive research, due to
their important applications in multiple industrial areas . The
most advantage might be less sensitive to effects of ionic
strength of the fluid at varieties salt concentrations, in
addition, improved thermal stability and mechanical
properties of product [18-27] .The hydrophobically
associating polymers rank high among the promising
dispersion materials in formulations include solid
components like inorganic clay due to their unique chemical
and physical properties as well as potential applications as
multifunctional, the Incorporation of small amounts of the
hydrophobic monomer has dramatically enhanced the
adsorption properties. Vinyl acrylic polymers are synthesized
by copolymerization of acrylates with other materials, either
monomers via direct polymerization [27-29] or with natural
materials via graft copolymerization [30,31] using different
polymerization techniques. The advantage are not affected by
water hardness or pH changes as the anionic and cationic
demulsifiers are, and in many cases, it is an advantage that
they are considered medium to low foaming agents. These
prepared polymer have great stability under certain condition
from salt, flow velocity, slug flow, water condensate and
sand production deposition, under both of the current
thermodynamic
(temperature
and
pressure)
and
hydrodynamic (multiphase flow) operation conditions on the
stability of the adsorption protective film. In the present
study we investigated the demulsifying effect of a novel
series of two different structure nano-nonionic surfactants
based on polyoxyalkylated block-copolymers and
polyoxyalkylated block-fatty ester. The focus of our current
research was the design, synthesis, aqueous properties and
investigation of two different structure nano-nonionic
surfactants based on polyoxy alkylated as demulsifying
agents in aggressive salt, sand and sludge contaminated
aqueous solutions saturated with carbon dioxide at high flow
rate and clay deposits. The results showed that the two
demulsifiers could both the results showed that the two nanodemulsifier samples are effective. They could achieve
complete separation of the water during 30 min at 200 ppm.
Furthermore, the newly formulated showed the nanodemulsifier
samples
possess
very
interesting
physicochemical properties such as good flow and
rheological and remarkable properties at both room and high
aging temperature which make them suitable for the injection
through the crude oil production pipelines.

Methacrylic acid and Ethyl acrylate were obtained from Elf
Chem. Co., ATO, France. EMULDAC-AS-25-SC product of
Elf Chem. (ATO) Company (France). Galaxy les70 Sodium
lauryl ether sulfate, Conc. 70% was obtained from Galaxy
Co., India. All other chemicals are used the laboratory
reagent grade. Octanoic acid ≥99% Sigma Aldrich, Germany.
Crude oil used an asphaltic crude oil was obtained from Gulf
of Suez Petroleum Company (GUPCO, Gulf Suez, Egypt).
The physicochemical properties of this crude oil are shown
in Table 1.

2 Experimental
2.1 Materials
© 2018 NSP
Natural Sciences Publishing Cor.

Table 1: Physicochemical properties of the crude oil.
Specification
Methods
Result
Specific gravity, at 60̊ F ASTM D
0.874
1298
API gravity at 60̊ F
ASTM D
35.29
1298
Kinematic viscosity, C. ASTM D
14.97
St. at 40̊ C
445
Asphaltene content
IP 143/57
7.18
(wt.%)
Pour point ̊C
ASTM
118
D97
C.St., cent stock,API: American Petroleum Institute.

Synthesis of the polymerizable nonionic surfactant
(EMULDAC-AS-25-SC-Methacrylate).
The EMULDAC-AS-25-SC-Methacrylate can be prepared
via a direct esterification reaction between EMULDAC-AS25-SC and Methacrylic acid using sulfuric acid as a catalyst
and hydroquinone as an inhibitor. (1532 g, 1 mole) of
Emuldac AS-25-SC was weighed into a 1000 mL threenecked flask settled with thermometer, condenser, and
magnet. The temperature was raised to110 ºC by using a
hot plate equipped with a stirrer adjusted at 250 rpm, then a
mixture of methacrylic acid (MAA) (111.8 g, 1.3 mole)
and (3g, 0.0277 mole) of inhibitor hydroquinone (HQ)
were added. The latter was used to prevent polymerization
of MAA at the high temperatures of esterification.
Afterward, 1% from total batch catalyst sulfuric acid
(conc.) was added to the reaction flask with stirring over a
period of 3 h to remove the water during the esterification
and prevent the reaction reverse. Then, the temperature was
raised gradually to 120ºC and hold at this temperature for 2
h. A stream of nitrogen is purged through the flask to
prevent polymerization of monomer via oxidation of
hydroquinone to quinone the liberation of water was
stopped after 2 h and the reaction product was cooled,
discharged and filtered. Scheme.1.represent esterification of
a nonionic emulsifier with monomer meth acrylic acid [5].
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C16H33O (CH2CH2O) 29CH2CH2OOC - C = CH2 + H2O
Emuldac-AS-25-SC -Methacrylate

HQ-H2SO4

100-120ºC

C16H33O (CH2CH2O)29CH2CH2OH+CH3-C(CH3)COOH
Emuldac-AS-25-SCMethacrylic acid

Water

CH3

Scheme.1: Synthesis of (Emuldac AS-25-Methacrylate)

Synthesis of New Nano-demulsifier based on fatty
Step 3 preparation of initiator solution:
ethoxlate block co-polymers (NPC).
The initiator solution is prepared by dissolving (0.2g,
Synthesis of hydrophobically associative acrylics 0.0008 mole) of sodium persulfate in (9.8 g, 0.54 mole)
thickening agent was prepared by emulsion polymerization distilled water, the temperature of flask contents is raised to
reaction through four steps as a follow
85˚C and the stirring rate was adjusted at 200 rpm.
Step 4 preparation of the product.
Step 1 preparation of seed:
Finally, the pre-emulsion and initiator solution was added
By, a mixture of distilled water (29.9g, 1.66 mole) and 0.1%
continuously over 4 h, the temperature remains constant at
of Galaxy les70 were charged into a 2-liter three-necked
85±2 °C. After the addition was finished the reaction
flask settled with a magnetic stirrer, condenser, N2 inlet,
temperature was held for 2 h, to ensure a high percentage of
thermometer, and heater the temperature was adjusted to
monomer conversion, then the flask charge was cooled and
polymerization temperature at (85 ºC).
filtered.
Step 2 preparation of pre-emulsion:
The pre-emulsion was prepared by mixing 30 g monomer The formulas of thickener at different concentration of
mixture of ethyl acrylate (EA), methacrylic acid (MAA) and initiator at a constant concentration of visiomer AS-25 MA
visiomer EMULDAC-AS-25-SC, then 0.9 g of Galaxy les70 as well as the variation of EA and MAA ratios at constant
and (29.1 g, 1.61mole) distilled water was added to the flask,
C18PM are given in Table 2. The Structure of synthesis
the pre-emulsion is stirred well by magnetic stirrer at 500
modified water-soluble hydrophobically associating
rpm for 1 h.
polymer is represented by the following general scheme
(Scheme.2):

Scheme.2: Structure of water-soluble hydrophobically associating polymer. From left to right, the structure contains methacrylic
acid (MAA), ethyl acrylate (EA), and the surfmer EMULDAC AS-25-Methacrylate (A25M). Its molar monomer ratio (MAA: EA:
A25M) is 25:67:10. x, y, and z represent relative molar monomer quantities.
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Table 2: Effect of EA to MMA ratio on the thickening effect and precipitate.
MAA
24
26
28
30
32
34

EA
64
62
60
58
56
54

Initiator
0.05
0.1
0.15
0.2
0.25
0.3

AS-25
12
12
12
12
12
12

NMA
1.2
1.2
1.2
1.2
1.2
1.2

PPt.%
10
5
0.3
0.07
0.1
0.25

Viscosity Cp.
14000
20000
270000
320000
38000
35000

2.2 Characterization
Fourier Transform Infrared Spectroscopy (FT-IR)
FT-IR spectra of the prepared sample were obtained using a
TENSOR 27 Mid FT-IR spectrophotometer made by
BRUKER Optics Ettlengen-Germany [19]. Spectra were
accumulating in the spectral range of 4000 – 500 cm-1 at
room temperature. The spectra were obtained in the
transmittance mode.
X-ray diffraction (XRD)
X-ray diffraction analysis was performed at room
temperature for the polymer sample on a Bruker D8
Advance using CuKa as the target with secondary
monochomator to operate at 40 kV and 40 mA. The scans
were performed within the range of 48, 2u, 608 with
scanning step of 0.028 in the reflection geometry.
pH measurement
pH of the subjected samples wear measured directly by using
MV.temp-PL-700 PV after the dilution of polymer 3 % by
deionized water.
Solid content
This test is used to evaluate the solid material in the polymer
emulsion. A sample of 1.2±0.1g was weighted into a flatbottomed glass dish. The sample was gently tilted and spread
for 3h. in the ventilated oven maintained at 105±2 ºC. Then,
the film was cooled and weighted; the nonvolatile matter was
calculated as follows this equation:
Solid content % =

(C-A) * 100
B

spindle 52 at controlled temperature 25.0 ± 0.1 ºC. The
polymer sample was rested for 24 h. before measuring by the
Rheometer to guarantee no were present in the polymer
solution. Before the measurement, all the polymer samples
were rested for 20 min after the cylinder reached the
measuring position to eliminate the shear influences.

3 Results and discussion
FTIR Spectra of NPC Demulsifier
FTIR spectroscopy used as an analytical technique for the
estimation of the functional groups presented in Polymers
[18]. Fig.1. showed the chemical composition of the
modified thickener was prepared. The modified polymer
(NPC demulsifier) sample give band at 3420 cm-1 that is
characteristic of carboxyl [OH] group of methacrylic acid,
band at1638cm-1 that is characteristic of ester or carboxyl
[C=O] group of ethyl acrylate or methacrylic acid, band
at1129 cm-1 that is characteristic of ether [C-O] group of
ethoxylate group and give band at 2992 cm-1 that is
characteristic of aliphatic [CH] group and 1170 cm−1 were
associated with C–H of alkane, C=O, and C=C stretching
frequencies of the ethoxylated fatty alcohol methacrylate
surfmer, respectively. Water of crystallization stretching
vibrations with appearing a б CH deformation at 1457.86
cm-1 .and OH out of plan at 1097.23 cm-1 [20].

Where,
A: weight of empty dish
B: weight of sample used
C: weight of dish and content after heating
The sample is adjusted at solid content 20%

Rheological Measurements
The Rheological study was carried out on a DV-III + CP
programmable Rheometer Brookfield Model LVDV-III + Cp
R p 66336 LVD V-3Cp115 Brookfield viscometer with

© 2018 NSP
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Fig.1: FTIR spectra of NPC demulsifier.
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X-ray Diffraction of Demulsifier NPC
The X-ray diffraction analysis of nano-modified polymer
Fig.2 showed distinct peaks around 12◦and 20◦. This is
attributed to the plenty of carboxylic and ethoxylate groups
in (MAA and EMULDAC-AS-25-SC-Methacrylate), which
can form strong inter-molecular and intra-molecular
hydrogen bonds, and hence, the structure of modified
polymer molecule has certain regularity. These result
showed that the NPC demulsifier sample is amorphous.

Fig.3: Zeta size of NPC demulsifier.

Fig. 2:X-Ray spectra of demulsifier NPC
Zeta Size and Zeta Potential of NPC Demulsifier.
Zeta potential is a key indicator of the stability of colloidal
dispersions magnitude and indicates the degree of
electrostatic repulsion between adjacent. Zeta potential [mV]
stability relationship and particle size of the modified
hydrophobically associating water-soluble polymer NPC
demulsifier was measured by the Malvern instrument in the
polymer laboratory of the National Institute of Measurement
and Calibration, Egypt. The results of NPC demulsifier in
Fig.3 and Fig.4 showed the modified polymer in
nanoparticle size (30-120 nm) with high emulsion stability.

Sample

Size Exclusion Chromatography (SEC) Analysis of NPC
Demulsifier
SEC spectra of modified water-soluble hydrophobically
associating polymer NPC demulsifier are given in figure 5.
The weight average (Mw), number average (Mn), and
polydispersity are given in table 3.

Table 3: Size Exclusion Chromatography (SEC) data for NPC demulsifier
Retention Mn(g/mol)
Mw(g/
MP
MZ
MZ+1
Time

NPC

Fig. 4: Zeta potential of NPC demulsifier sample.

26.283

mol)
2424

9609

5363

Mw/Mn

(Daltons)

(Daltons)

(polydispersity)

27598

47922

3.963

demulsifier

© 2018NSP
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due to destroying the networks formed by the association
table 4.The table showed decrease in viscosity values with at
1-60 rpm using spindle 52 at 25 oC, the data are listed in
viscosity of the selected NPC demulsifier sample was studied
increase shear rate, that is mean shear thinning or in other
between the hydrophobic chains presented in thickener
molecules leading to drop in viscosity.
Study the Demulsification Efficiency of NPC Demulsifier
for Treating Water-in-Crude Oil Emulsions

Fig.5: Size Exclusion Chromatography (SEC) Data for
NPC Demulsifier.
Rheology study of NPC demulsifier
The rheological properties of hydrophobically associating
water-based copolymer solution containing hydrophobically
groups were measured by using Programmerable DV-III +
CP Rheometer Brookfield. The effect of shear rate on the
words Pseudo-plastic behavior, this drop in viscosity may be

Speed
(Rpm)
1

© 2018 NSP
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Demulsification efficiency of NPC can be determined by
(bottle test) method, the bottle test was used to estimate the
efficiency of the demulsifiers to resolve the water-in-oil
emulsions. The demulsifier in xylene was added to (100 ml)
water in the crude-oil emulsion at different concentration
(ppm). The mixture was stirred and was placed in (100 ml)
graduated bottle (Sani-glass) tightly stoppered with Teflon
lids. Then the bottle was placed in a thermostatic water bath
at 60 oC. Water separation (in ml) was observed every 15
min. A blank was used in each set of experiments [17].
From the data were obtained in the table (5,6) and figure
(6,7), the demulsification efficiency of NPC more effective
than commercial NPF which represent a standard
commercial demulsifier.

Table 4: Effect of shear rate on NPC demulsifier.
Viscosity
Shear stress
Shear rate
(cp)
(1/sec)
(D/Cm3)
7486
150.1
2

Torque
(%)
80.74

2

3599

160.2

4

84.0

5

1330

132.1

10

74.9

10

650

142.8

20

76.8

20

314

140

40

77

30

220

125

60

67.2

40

193

155.4

80

84.2

50

180

175

100

94.1

60

156

184.3

120

97.3
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40
35
Separation water at (ml)

30
Blank
NPC (50 ppm)
NPC (100 ppm)
NPC (200 ppm)

25
20
15
10
5
0
2

5

10

20

30

40

60

90

Time (min.)

.

Fig. 6: Effect of the demulsifier concentration (ppm).

40
35
Separation water at (ml)

30
Blank
NPF (50 ppm)
NPF (100 ppm)
NPF (200 ppm)

25
20
15
10
5
0
2

5

10

20

30

Time (min.)

40

60

90

Fig. 7: Effect demulsifier NPF (ppm).

Demulsifier
Blank
NPC

Table 5: Effect of demulsifier NPC concentration.
Separation water (ml)
NPC
2
5
10
20
30
40
(Dose,ppm)
0
0
2
9
20
26
50
0
3
5
13
27
31
100
0
5
6
17
30
35
200
3
10
13
25
40

60
31
38
40

90
min
36
38
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Table 6.Effect demulsifier NPF (ppm)

Demulsifier
Blank
NPF

Dose, ppm
50
100
200

2
0
10
10
11

5
0
13
16
22

10
2
16
18
27

Separation water at (ml)
20
30
40
9
20
26
24
33
36
25
33
36
35
38
40

60
31
38
38

90 min
36
39
40

4 Conclusions
The new nano-demulsifiers of nonionic fatty ethoxilate
block associative acrylic with higher demulsification effect
were successfully synthesized by esterification followed by
emulsion polymerization technique in the presence of 1.2
percentage of Galaxy les70 as anionic emulsifier using 0.15
percentage of sodium persulfate as initiator at
polymerization temperature 75-85 ºC for 3 h and at
monomer ratio 32:56:12 for MAA:EA: EM (EMULDACAS-25-SC-Methacrylate).The results showed that
the
nano-demulsifier samples are effective. They achieved
complete separation of water during 30 min at 200 ppm.
Furthermore, the newly synthesized nanodemulsifier
samples have remarkable Rheology properties at both room
temperature and high aging temperature which make them
suitable for the injection through the crude oil production
pipelines.

References
[1] Azim, A.A., Abdel-Raouf, M.S., Abdel-Raheim, A.R. and
Maysour, N.S., (2010). Sugar-based ethoxylated amine
surfactants as demulsifiers for crude oil emulsions: 2demulsification of different types of crudes. Brazilian
Journal of Petroleum and Gas., 4(4), 155-165(2010).
[2] Vallejo-Cardona, A.A., Martínez-Palou, R., Chávez-Gómez,
B., García-Caloca, G., Guerra-Camacho, J., CerónCamacho, R., Reyes-Ávila, J., Karamath, J.R. and Aburto,
J., (2017). Demulsification of crude oil-in-water emulsions
by means of fungal spores.PloS one., 12(2),
p.e0170985(2017).
[3] Nikkhah, M., Tohidian, T., Rahimpour, M.R. and Jahanmiri,
A., (2015). Efficient demulsification of water-in-oil
emulsion by a novel nano-titania modified chemical
demulsifier. Chemical Engineering Research and Design,
94,164-172(2015).
[4] Al-Sabagh, A.M., Kandile, N.G., El-Ghazawy, R.A. and ElDin, M.R.N., (2011). Synthesis and evaluation of some new
demulsifiers based on bisphenols for treating water-in-crude
oil emulsions. Egyptian Journal of Petroleum, 20(2), 67-

© 2018 NSP
Natural Sciences Publishing Cor.

[5].L.L. Schramm, Emulsions: Fundamentals and Applications in
the Petroleum industry, Adv. Chem. Ser. 231, ACS,
Washington DC, 1992
[6] Carneiro, G.F., Silva, R.C., Barbosa, L.L., Freitas, J.C., Sad,
C.M., Tose, L.V., Vaz, B.G., Romão, W., de Castro, E.V.,
Neto, A.C. and Lacerda, V., (2015). Characterization and
selection of demulsifiers for water-in-crude oil emulsions
using low-field 1 H NMR and ESI–FT-ICR MS. Fuel, 140,
762-769(2015).
[7] Abdurahman, H.N., Yunus, R.M. and Jemaat, Z., (2007).
Chemical demulsification of water-in-crude oil emulsions.
Journal of Applied Sciences, 7(2),196-201(2007).
[8] SJOBLOM, J., Øye, G., Glomm, W.R., Hannisdal, A., Knag,
M., Brandal, Ø.,Ese, M.H., HEMMINGSEN, P.V., Havre,
T.E., Oschmann, H.J. and Kallevik, H., (2006). Modern
characterization techniques for crude oils, their emulsions,
and functionalized surfaces.Surfactant science series,
132,415-476(2006).
[9] Martínez-Palou, R., Cerón-Camacho, R., Chávez, B., Vallejo,
A.A., Villanueva-Negrete, D., Castellanos, J., Karamath, J.,
Reyes, J. and Aburto, J., (2013). Demulsification of heavy
crude oil-in-water emulsions: A comparative study between
microwave and thermal heating. Fuel, 113, 407-414(2013).
[10] Martínez-Palou, R. and Aburto, J., (2015). Ionic liquids as
surfactants–applications as demulsifiers of petroleum
emulsions.In Ionic liquids-current state of the art.InTech.
[11] J. Wu, Y. Xu, T. Dabros, and H. Hamza, (2003). Effect of
demulsifier properties on destabilization of water-in-oil
emulsion, Energy and Fuels., 17(6), 1554-1559(2003).
[12] Zahran, M.A., Hassan, W.A. and Basuni, M.M., (2017).
Effects of Some Parameters Affecting Designing of NanoWater Hydrophobically Associating Polymers in Aqueous
Solution.KGK-KAUTSCHUK GUMMI KUNSTSTOFFE,
70(6),84-91(2017).
[13] Magdy A-H Zahran, Moneer M. Basuni, (2017). Spinning
lignin into-Gold, Book , LAP LAMBERT Academic
Publishing 28 D-66111 .
[14] Magdy A. Zahran, Ibrahim M. El-Sherbiny, Hany M. Abd ElRaheem,
Moneer
M.
Basuni,(2017).Synthesis,
Characterization and Aqueous Properties of a Newly

Int. J. Thin. Fil. Sci. Tec. 7, No. 3, 95-103 (2018) / http://www.naturalspublishing.com/Journals.asp
Prepared Lignin-based Graft Copolymer as a Drilling Mud
Additiv,Int. J. Thin. Fil. Sci. Tec., 6 (1), 1-9(2017).
[15] Zahran, M.A., Mohammady, M.M. Basuni, M.M., (2016).
Design, Synthesis, Aqueous Properties and Investigation of
Novel Cationic Surfactants as A Long Term Green
Corrosion Inhibitors Exposure.RESEARCH JOURNAL OF
PHARMACEUTICAL BIOLOGICAL AND CHEMICAL
SCIENCES, 7(6),1809-1822(2016).

103

[31] Zahran, M.A. and Basuni, M.M., (2014). Preparation and
evaluation of some ligningraf tcopolymers and their
application in drilling fluid.International Journal of
Academic Research., 6(3), (2014).

[16] Ming, H., (2010). High-Temperature Heavy Oil Dehydration
Static
Experimental
Study
of
Ultrasonic
Demulsificatian.Daqing Petroleum Institute, 25th March.
[17] Yi, M., Huang, J. and Wang, L., (2017). Research on Crude
Oil Demulsification Using the Combined Method of
Ultrasound and Chemical Demulsifier.Journal of Chemistry,
[18] Wanli Kang, Xianzhong Wang, XiaoyanWu,LingweiMeng,
Shuren Liu, Bin Xu, and XiuhuaShan. (2012), Designing
water-soluble polymersfor enhanced oil recovery, society of
plastics Engineer (SPE).
[19] Lai, N., Dong, W., Ye, Z., Dong, J., Qin, X., Chen,W. and
Chen, K.,(2013), Journal of Applied Polymer Science.,
129(4),1888-1896(2013).
[20] Bai, Y., Xiong, C., Wei, F., Li, J., Shu, Y. and Liu,D., (2015).
Energy & Fuels., 29(2), 447-458(2015).
[21] Yap, R.K.L., Whittaker, M., Diao, M., Stuetz,R.M.,
Jefferson, B., Bulmus, V., Peirson, W.L.,Nguyen, A.V. and
Henderson, R.K.,. (2014), Water research,61, 253262(2014).
[22] Yahiya. A. Youssef, Waseam. A. Hassan, MohammedA.
Tawila, and Moneer M. Basuni., Salah. M. ElKousya,(2016), RJPBCS., 7(5), 2650-2664(2016).
[23] Ye, Z., Jiang, J., Zhang, X., Chen, H., Han, L.,Song, J.,
Xian, J. and Chen, W., (2016), Journal of Applied Polymer
Science, 133(11) (2016).
[24] Abidin, A.Z., Puspasari, T. and Nugroho, W.A.(2012),
Polymers for enhanced oil recovery technology. Procedia
Chemistry., 4,11-16(2012).
[25] A. Kowalczyk1, C. Oelschlaeger, S. Neser, N.Willenbacher,
Progr Colloid PolymSci DOI10.1007/2882_2008_083
[26] Braun DB, Rosen: MR (2000) Rheology modifiers
handbook,practical use &application.William Andrew,
Norwich,NY, US.
[27] Glass JE, editor. (2000) Associating polymers in aqueous
solution.ACS symposium series765. Washington, DC:
American ChemicalSociety.
[28] Zahran, M.A., Abd El-Mawgood, W.A. and Basuni, M.M.,
(2016). Poly Acrylic Acid: Synthesis, aqueous Properties
and their Applications as scale Inhibitor. KGKKAUTSCHUK
GUMMI
KUNSTSTOFFE.,69(7),5358(2016).
[29]

Dupont,Francois,mongoin,Jacques,Sua.,Jean-Marc,((2010).
U.S.patent /0311888 Al.

[30]

Abdel,
M.,
Zahran,
H.
and
Basuni,
M.M.(2015),.KautschukGummiKunstst.,68(9), 35-40(2015).

© 2018NSP
Natural Sciences Publishing Cor.

